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The aim of the present study was to investigate the 
edema induced by leukotriene D., (LTD.). Edema is the 
gross effect of increased blood flow and capillary perme-
ability. Our objective was to elucidate the effect of LTD. 
on edema generation without the influence of the con-
comitantly increased blood flow induced by this potent 
vasodilator. A new method was outlined measuring the 
exudation through skin windows of a macromolecular 
tracer ([ 13 'l]albumin) and a micromolecular tracer 
([99Tc]pertechnetat). Exudation of [1311]albumin is a 
function of enhanced vascular permeability and inter-
stitial transport and blood flow, whereas that of [90Tc) 
pertechnetat is mainly a function of blood flow. Thus a 
ratio of the 2 exudate measurements gives a specific 
estimate of the changes in vascular permeability and 
interstitial transport. 
Histamine was employed to establish the method. A 
dose- response relation was found for histamine in the 
dose range of 10-• to 10-7 M . The effect of 10-5 M LTD. 
on vascular permeability and interstitial transport of 
macromolecules was indistinguishable from that of his-
tamine in the same concentration. This property to-
gether with their well-known vasodilatory cap~bilities 
indicate that the leukotrienes of the slow-reactmg sub-
stance of anaphylaxis may p lay a role in the vascular 
changes in the allergic-inflammatory reaction. 
Increased microvascular permeabili ty to proteins a nd edema 
fo rmation a re some of the cardina l signs of a n inflammatory 
reaction . When studying t he role of int1ammatory mediators 
t h e edema-generating capability t herefore attracts considerable 
attention . The concept prevails, that int1 ammatory edema can 
be ge nerated by 2 types of mediators: those that inc rease the 
permeabi lity of the vessels and those that potentiate this e~fec~ 
by increasing blood flow by capilla ry recrUitment [1,2]. It IS o! 
interest to sepa rate these two different propert ies. 
The purpose of t he present study was to investigate leuko-
t riene D., (LTD,,) , one of t he newly discove red const ituents of 
s low-reacting subs ta nce of a naphy laxis. LTD, has been s hown 
to cause wheal formation [3- 5], a nd to be a potent vasodilator 
in t h e human skin [6] . W e wished to e lucidate t he effect of this 
mediator on t he vascula r permeability, separate from its vasa-
dilating/recruiting properti es. 
A new technique was outlined for measurements of exudation 
of m acromolecules ([' "'!] a lbumin) and micromolecules ([99T c] 
pertec hnetat) in humans, induced by an infla mmatory media-
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tor. Changes in the rat io of these 2 diffus ion-limited indicators 
in an exudate from a skin window would reflect the mediato r-
induced changes in the vascular permeabili ty a nd the in te rsti-
tial transport. 
MATERIALS AND METHODS 
Three men and nine women, aged 24- 76 years, were studied. The 
fully informed volunteers were chosen from the patients in the der-
matologic ward. The patients were suffering from condylomata acu-
minata or stasis ulcers, but none had collagenoses, vasculitis, endocrine 
diseases, generalized dermatoses, or atopic diseases. Local treatment, 
vasoactive medication, and steroids were excluded for at least 8 days 
prior to the investigation . 
Twelve specially designed suction cups with an aperture of 12 mm 
were placed on the abdominal skin. The development of blisters was 
followed closely through transparent cups. In order to prevent capillary 
lesions, the cups were removed as soon as a blister formed over the 
whole aperture of the cup. Blisters developed within 3-4 h after expo-
sure to a negative pressure of 140 mmHg. The tops of the blisters were 
peeled off with sterile tweezers, leaving a glossy skin window, demar-
cated by the basal layer, and with no visible vascular lesions or pinpoint 
capillaries. 
The skin windows were sealed with polyethylene domes with a 
hemisphere of 0.6 ml rising from an aperture of 16 mm. The top could 
be penetrated by a 30-gauge needle through a self-sealing T eflon 
membrane, thus ensuring totally inert hydrophobic chambers. The 
chambers were attached to the skin with double-adhesive tape and 
filled with a 10% phosphate-buffered saline solution, pH 7.4 , (PBS) . 
After the chambers had been left undisturbed for 1 h, a weighed 
amount of 15- 20 11Cu [13 1l]albumin (Kjeller, Norway) and about 500 
11Cu ['"'Tc]pertechnetat (Amersham) were injected into a cubital vein. 
Subsequently, the chambers were emptied and refilled wi th test solu-
tions, as follows: 
In 11 persons, histamine chloride (Sigma) was applied in molar 
concent rations of 10-', 10-•, 10-u, and 10- 7. In another 6 persons LTD, 
(kindly provided by J. Rokach, Merck-Frosst Laboratories, Quebec) 
was applied in a concentration of w-• M (leukotrienes were stored at 
-80"C until 1 h before use). PBS was used as a diluent as well as a 
controL All tests were performed in duplicate. After 30 min all chambers 
were emptied, followed by gentle wiping of the skin windows with 
absorption paper, which was counted together with the collected exu-
dates in a liquid scint illation coun ter. T he skin windows were photo-
graphed and t he areas were calculated in duplicate from these photos, 
using a weighing method. 
Throughout the trial the patients remained in a supine position. 
The thyroid uptake of radioactive iodine was blocked by potassium 
iodide, administered in a daily oral dose of 100 mg for 5 days. 
Statistical Analyses 
Wilcoxon's test for paired and unpaired differences and Pratt's test 
were used. The central tendency of the figures was expressed by the 
median values and the variation by the quart iles. 
RESULTS 
To ensure t hat free 13 1I did not inva lidate the resu lts, t he 
radioactivity of the exudates from 2 subjects was measured 
before and after prote in precipi tation . The supernatants con-
tained no detectable amounts of free 13 11. 
The noncolored samp les of blister fluid were a nalyzed by 
spectrophotometry, and n o measurable am ounts of hemoglobin 
were detected. 
No measurable radioactivity was found in t he cha mbers 
before or a fte r t he investigation . 
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F IG 1. Dose-response for the histamine-induced [' '"l]albumin exu-
dation. 1' 3' J] album in exudation in the sk in window exposed to hista-
mine, expressed relative to the l' 3 ' I] albumin exudation in the control 
chamber exposed to saline. Median values are given. The bars denote 
quartiles. 
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FIG 2. Dose-response for the histamine-induced [99Tc]pertechnetat 
ex udation. [99Tc]pertechnetat exudation in the skin window exposed to 
histamine, expressed relative to the [99Tc]pertech netat exudation in 
the control chamber exposed to saline. Median values are given. The 
bars denote quartiles. 
The skin window a reas were within a ra nge of 0.5- 1.5 cm2 • 
Variation within t he duplicate determinations were below 5%. 
T he t racer exudation into each skin window chamber was 
co rrected for the variation in sk in window a rea. The mean 
value of duplicate test resul ts was used in all cases. 
T he ["11 l ]album in ex udation and [99Tc)pertechnetat exuda-
t ion were exp ressed in relation to that induced by saline in 
order to avo id the in terindividua l variance in absolu te counts 
of t he injected tracer. 
A dose-response relation was determined for [13 1I] a lbumin 
t hroughout the applied histamine concentration range, as illus-
t rated in Fig 1. 
T he [B9Tc]pertechnetat exudation (Fig 2) showed a similar, 
t hough less pronounced, dose- related response. 
The ratio between [1a1l) albumin and [99Tc]pertechnetat is 
displayed on Fig 3. Again, a dose-response relation was found 
throughout t he range tested. 
By thi s method 10 J.LM LTD. was fou nd to increase t he 
vascular permeabili ty and in terstitial transport signifian t ly ( p 
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< 0.01) and was equivalent to the effect demonstrated by 
histamine in t he same concent ration (Fig 4). 
DISCUSSION 
Measurement of the area or volume of a wheal following 
intracutaneous administration of inflammatory mediators h as 
been t he method predominantly used in human in vivo studies 
of edema induced by the inflammatory mediators. The infor-
mation obtained by this method is not spec ific. 
Ot her investigations have used transvascular and inte rstitia l 
transport of albumin as a relative measure of t he microvascula r 
extravasation in humans [7) . However, these methods have 
bee n concerned with the total microvascular system and t he 
resistance to diffusion in interstitial space, rendering t hem 
useless in studies of intlammatory mediators in a local region . 
The method outlined by Lasse n and Trap-Jensen [8,9] esti-
mated t he local transport from interstitia l space to plasma 
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FIG 3. Vascular permeability and interstitial transport of macro-
molecules induced by histamine. The exudated macromolecule ([13 11] 
albumin ), expressed relative to the exudated micromolecule (["9Tc] 
pertechnetat) after exposure to histamine, and standardized by dividing 
with the corresponding ratio obtained in the control skin window 
exposed to saline. Median values are given. The bars denote quartiles. 
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FIG 4. Vascular permeability and interstitial transport induced by 
LTD, compared to histamine. The exudated macromolecules (['3 'I] 
albumin), expressed relative to the exudated micromolecule ([99Tc] 
pertechnetat) afte r exposure to L TO, or histamine, and standardized 
by dividing with the corresponding relation obtained in the control 
skin window exposed to saline. Median values are given as columns. 
The bars denote quartiles. 
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space. The essentia l drawbacks of t heir method are t he injection 
trauma a nd t he uncertai nty of t he distribution space of t he 
isotope. Mediator-induced edema would add further to this 
uncertainty. 
Measurement of extravasation of blood proteins has been 
used in animal experiments to study the effect of inflammatory 
mediators [10,11 ]. It was concluded that t he rate of accumula-
tion in the skin of i.v. injected [' 3 'I] albumin was a funct ion of: 
(1) t he permeability of the blood vessels, (2) blood flow in the 
area, and (3) t he blood concentration level of the tracer. Con-
sequently, t he increase in a lbumin t ransport found in t he 
presen t in vest igation after exposure to histamine (Fig 1) as 
well as to LTD, (Fig 4), is interpreted as a gross effect of the 
increase in vascula r permeability and interstitial t ransport, and 
the blood fl ow increase. The increased blood flow is t hought to 
potentiate t he extravasation t hrough an increased hydrostatic 
pressure and an increase in the number of perfused capi llar ies 
and in the involved venular wall area. 
The vascula r changes in the inflammatory reaction are 
thought to be caused by 2 types of chemical mediators: vaso-
di lators and agents that increase vascular permeability [1 ,2]. 
Accordingly, it is of interest to characterize t he inflammatory 
mediators with respect to the ir ab ilities to induce one or both 
of t hese vascular changes . · 
We have outlined t he present method for sepa ration of these 
aspects of the vascular changes induced by inf1ammatory me-
diators in humans. 
[ 1 3 'I]albumin is a large hydrophilic molecule with a vascula r 
extraction limited by t he diffusion properties of the pores in 
the microvessels. The extraction is approx imately 3% after a 
bolus injection at resting blood flow [1 2]. 
[ 9 9Tc)pertechnetat is a small hydrophilic ion which also is 
diffusion limited, but ex hibi ts an extraction considerably larger 
than found for [13 1l]albumin. 
For a diffusion-limited tracer t he diffusion process t hrough 
the capillary wall and the interstit ium can be considered to be 
in direct ratio to t he vascu lar surface a rea a nd the diffusion 
limitation [13]. By comparin g t he increase in albumin transport 
to that of a small hydrophilic ion W9Tc]pertechnetat), the 
effect of capi lla ry recruitment during hyperemia is eliminated, 
as both tracers are equally affected by t he change in vascu lar 
surface area. The ratio between t he 2 mediators in the exudate 
is consequently determined by t heir different extraction. Any 
change in this ratio reflects a change in the diffusion limitation. 
For the tra nsport of molecules from t he in t ravascula r compart-
ment into t he sk in window exudate, the diffusion lim itation is 
made up of t he vascul a r permeability and the restriction im-
posed by the interstiti um . It needs emphasizing that the method 
does not register t he cha nges in permeabil ity of t he vessels, but 
rather t he total changes induced by the mediator on the vessel 
a nd t he interstitium, i.e., t hat a cha nge in the diffusion prop-
erties in t he intestitial gel structure could fu lly explain t he 
increased transpo rt of t he tracer, as could an increase in the 
permeabili ty of the vessels. 
Although an increased filtrative transport due to an increased 
t ranscapillary pressure gradient during hyperemia is slightly 
more pronounced for macro- than for micromolecules, this 
component is considered to be negligible. 
Some serious drawbacks in the outl ined method should be 
kept in mind. Primarily t he results are on ly relative in nature. 
Errors can be suspected regarding the methodologic aspects. 
The denuded skin areas at the t ime of investigation were pale 
and without inflammatory signs, as the area had been left 
undisturbed for at least 1 h. However, it is well known that an 
inflammation is induced by preparation of t he sk in window. 
The justification for employing the outlined method in media -
tor research therefore depends on t he assumption of a negligible 
level of active inflammatory mediators in lesions where no 
clinically observable signs of inflammation are present. 
In the p resent study a dose-response relation was found for 
histamine. The sensitivity was comparable to that of measure-
ments of wheal volumes [14]. Yet, the method is not useful for 
quantitative measurements like dose-response studies as it is 
very time consuming. Instead, it should be used in the future 
for qualitative comparisons of the specific effect of the inflam-
matory mediators on the permeability of the vascu lature and 
interstitial transport in the human skin, which is not obta inable 
in other ways. 
LTD., was established as a mediator capable of inducing a 
leakage of macromolecules t hrough t he capillary wall and the 
interstitium in humans, regardless of any recruitment of cap-
illaries. This quality was found comparable to that of histamine. 
Together with well-established vasodilatory properties of 
LTD,, this mediator is capable of inducing both of the patho-
physiologic events involved in edema development in humans 
comparable to histamine. These findings render the leuko-
trienes as likely candidates for a central role in the vascular 
events in t he allergic-inflammatory reaction. 
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